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“It is our mission to start studies on new research areas before they are named” , referring to former 











●Mr. Taku Shimizu, 1st year student of master course 
of Suzuki・ Sakamoto Lab. 
/ Student Paper Award, 2015 RISP International Workshop 
on Nonlinear Circuits, Communications and Signal 
Processing (NCSP’ 15)
“Multi-zone sound field reproduction algorithm based on 
spherical harmonic analysis.”  2 Mar. 2015
●Prof. Yasuo Cho
/ Commendation for Science and Technology by the Minister 
of Education,Culture,Sports,Science and Technology,Japan 
(Prizes for Science and Technology, Development Category)
“Development of scanning nonlinear dielectric microscopy”  
15 Apr. 2015
●Assist. Prof. Jorge Treviño 
/ Best Paper Award in Multimedia Signal Processing 
(Speech/Audio), IIH-MSP 2015 (Eleventh International 
Conference on Intelligent Information Hiding and 
Multimedia Signal Processing)
“A compact representation of the head-related transfer 
function inspired by the wavelet transform on the sphere”  
25 Sep. 2015
Commendations & Awards
International Symposia organized by the Institute
Editor’s 
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Commemorative Ceremony Held for 
the Opening of RIEC Main Building and 
the RIEC 80th Anniversary
MEXT Program 
Development of Highly Available Anti-disaster 
Information Storage Infra-structure
TOPICS 2 Human cortical neurons respond to intermediate hues, 
not just red/green, yellow/blue and their combinations.
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On 23 June 2015, the Research Institute of Electrical Com-
munication (RIEC), Tohoku University held a commemorative cer-
emony and symposium, celebrating the opening of its new main 
building and the 80th anniversary of RIEC. The program of the 
event is listed on the right.
In the ceremony, Hideo Ohno, Director of RIEC and Susumu 
Satomi, President of Tohoku University gave welcome addresses, 
followed by congratulatory speeches by Yoshiaki Ando, MEXT, 
and Toshiyuki Takei, MIC. Both guests mentioned the historical 
achievements and future expectations of our Institute.
Director Hideo Ohno said in his welcome address, “Our 
former Director, Jun-ichi Nishizawa mentioned at the RIEC 50th 
Anniversary, ‘It is our mission to start studies on new research 
areas before they are named’”.  Bearing these words in mind, we 
should open-up new worlds of communication for the future while 
keeping our legacy.”
In Session 1 entitled “Congratulating RIEC on its 80th Anni-
versary”, three guest speakers from government, industry and 
academia gave useful and informative presenstations for our 
research directions.
In Session 2 entitled “Future ICT, The Next 80 Years”, four 
speakers from the Institute introduced up-to-date activities in their 
areas of expertise.
After the symposium, all the participants gathered in front of 
the new main building for the commemorative photograph as 
shown on the front page.  At the reception party, Shun-ichi Iwa-
saki, Emeritus Professor of Tohoku University mede a toast after 
the congratulation speech. 
To conclude, I sincerely appreciate the work of all the partici-
pants, supporters and colleagues towards the success of the event.
The total capacity of created information is rapidly growing 
due to the rapid expansion of cloud and big data applications. 
Information storage and magnetic recording devices, e.g., disk 
drives and tape drives, are indispensable in information storage 
technology. However, the last East-Japan Great Earthquake 
taught us that big disasters destroy important information through 
widespread and severe damage of data servers at storage sites. 
In order to avoid such social loss in future caused by forecast big 
disasters, we are developing anti-disaster storage technologies 
thanks to a grant from MEXT (Ministry of Education, Culture, 
Sports, Science, and Technology) from 2012 to 2016. Tohoku 
University, Hitachi Ltd., and Hitachi Solutions East Japan Ltd. 
have set up the development team.
Conventional storage systems are designed not to lose stored 
information through individual device failure, but in big disasters, 
entire storage systems in offices, buildings, and other sites can be 
totally lost. Another fatal system failure is the loss of internet con-
nections due to long term network damage, sometimes lasting for 
several weeks. This means that conventional disaster recovery 
technology is useless. Taking these lessons into account, in our 
newly developed storage technology each storage server makes 
a data backup in the vicinity, within a radius of dozens of kilome-
ters. The nearby backups can be accessible even when internet 
connections are lost. But the r isk of losing the entire data 
because of the short distance between backups should be con-
sidered. To avoid the risk of information loss a “risk-aware copy 
algorithm” is introduced. Fig. 1 shows the basic configuration of 
the system. Each storage site has a risk index to determine the 
backup site according to the minimum total risk. The target is that 
the 90% of the information can be available when half of the stor-
age devices are damaged.
In order to verify the availability of the storage system after a 
supposed disaster, testing using a newly developed electronic 
medication notebook application was carried out. At the last 
Great Earthquake we learned the importance of medication note-
books for maintaining clients’ health. The testing diagram is 
shown in Fig. 2. The service program is developed as an 
application for Android smartphones. A client receives 
medication information at a pharmacy, which is then sent to 
the new storage system through the Internet. We have 
shown that 90 % of the clients can get their information at a 
hospital after a disaster by using the risk-aware backup for 
100 thousand clients. We are now improving the program 
for the case of one million clients, assuming the population 
of Sendai-city.
This program also incorporates high-speed disk drive 
technology, anti-disaster smart networks, and applications 
of the SML# programing framework.Figure 1　Risk-aware data backup for Tsunami disaster in the case of two backups.Ceremony Scene K.Kyuma N.Hayasaka H.Harashima
Figure 2　Testing system using medication notebook applications
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The 9th International Symposium on Medical, Bio- and 
Nano-Electronics and the 6th International Workshop on Nano-
structures & Nanoelectronics was jointly held on March 2-4, 
2015, at the conference room in the Laboratory for Nanoelectron-
ics and Spintronics Building. A total of 136 participants gathered 
from US, Canada, Germany, UK, Taiwan, South Korea, and 
Japan for 21 invited talks and 19 poster presentations.
In a session on nanostructures and their applications, recent 
topics including nanotubes and nanocarbons were actively dis-
cussed, from their fabrication and characterization to device appli-
cations such as solar cells and gas sensors. In a session on bio-
medical electronics, talks were given on various applications of 
nanofabrication to biomedical research. Notable was the broadness 
of the topics – biosensors based on ion channel proteins incorpo-
rated in a lipid bi-
layer, fabrication of 





etc. – making us 
confident that this 
interdisciplinary field will keep on growing and developing. 
Fruitful discussions were held across the multiple disciplines of 
the participants, such as nanoelectronics and biotechnology. These 
types of interactions will no doubt drive future breakthroughs.
 (Michio Niwano)
The 5th RIEC Award giving ceremony was held on 25 Novem-
ber 2015 at Hitotsubashi Hall, Tokyo, where RIEC also held its 
symposium named ‘Tokyo Forum 2015’ .
The RIEC Award was established in 2011 together with the 
Foundation for the Promotion of Electrical Communication (FPEC) 
to promote the development of the electrical communication field.  
The award is given to young researchers who have made out-
standing contributions to the development of scientific principles 
or applied technologies in this field and who are expected to con-
tribute more into the future.  
Hideo Ohno, Director of RIEC gave a congratulatory address 
and Hidetoshi Matsuki, Representative Director of FPEC gave 
awards in the ceremony, followed by a commemorative speech 
by Katsuhiro Tomioka, the RIEC Award winner.
RIEC has high expectations of  the winners, as well as the other 
nominees, for their future success in the development of electrical com-
munication.  (Atsushi Ohori)
The results of a basic study on the mechanisms of human 
color vision were published in one of the top journals on brain sci-
ence: Cerebral Cortex. Our main contribution was the precise 
measurement of hue selectivity in each voxel (Figure 1) and the 
population histogram of neurons selective to various hues (Figure 
2) in the human brain, for the first time. We found an abundant 
population of neurons selective to intermediate colors, in addition 
to four opponent colors. Our results gave new insights into how 
color information is coded in the human brain. The results are 
expected to help in designing displays for higher fidelity, not just to 
clarify the mechanisms of human visual processing. 
This study was conducted with RIKEN BSI (Drs. Kei j i  
Tanaka, Kang Cheng, Kenichi Ueno, and Pei Sun) to collaborate 
with their high-resolution imaging technique in functional MRI 
(fMRI). The color signal in human brain was believed for a long 
time that the combinations of neuron activities of four opponent 
colors (red/green and yellow/blue; that define two dimensional 
color space) that work as 
the landmarks of color per-
ception. It was also con-
sidered that the combina-
tion of neuronal activity for 
the opponent colors repre-
sents a l l  v is ib le colors;  
e.g., a combination of red 
and blue responses makes 
purple. Recent physiologi-
cal  s tud ies in  monkeys 
and psychophysical stud-
ies in humans reported 
indirect evidence that sug-
gests the presence of neu-
rons selective to intermedi-
ate colors. Although purely 
color-selective responses 
are very weak and difficult 
to detect in the fMRI signal 
of human brains, we suc-
ceeded in recording the direct responses of neuron’ s activity 
selective to intermediate colors in the human visual cortex for 
the f irst t ime by using the high-resolution fMRI technique 
(Figures 1, 2). Our result also suggests that color appearance 
in human brains is coded by multiple neurons, each of which is 
selective to various colors, similar to the way of coding the 
slant of a line segment.
The color rendering fidelity of commercial displays is limited 
by three primary colors (red, green, and blue), and not optimized 
to render intermediate colors. Our study made it clear that the 
visual system in humans has a high sensitivity to intermediate 
colors, as well as to primary/opponent colors. Our results imply 
that the use of multiple primary colors (in addition to red, green, 
and blue) will lead to higher image quality/fidelity and to more 
efficient information displays and more realistic image reproduc-
tion.
Figure 1 ( l e f t ). An example distribution of each voxel’s (size: 2 mm × 2 mm) hue selectivity, coded by the color, in the human brain. Vertical 
(coronal) dissection at the occipital region, including visual cortex.
Figure 2 (right). Averaged hue-selectivity histogram in the primary visual cortex, (across participants average). Distance from the origin 
represent the relative population of voxels selective to the hue. Colors of the outer ring represent the approximate hue 
appearance. Red symbols represent averages and blue shaded area shows standard deviation. Radial dotted lines indicate 
hue directions that appear pure red, green, yellow, and blue (unique hues).
Cognitive Brain Functions Laboratory, Associate Professor  Ichiro Kuriki
RIEC Award
Katsuhiro Tomioka(Center); Graduate School of Information Science and Technol-
ogy, Hokkaido University
“Study on Integration Technology of Semiconductor Nanowire and its Application for 
Transistors”
RIEC Award for Tohoku University Researchers
Ayumi Hirano(2nd right); Graduate School of Biomedical Engineering, Tohoku 
University 
“Study on an Artificial Cell Membrane Sensor Based on Designing Semiconductor 
RIEC Award for Tohoku University Students
Yuichi Kawamoto(2nd left); DC3, Graduate School of Information Science, Tohoku 
University
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Hiroshi Yasaka, Professor 
Nobuhide Yokota, Assistant Professor




Keiichi Edamatsu, Professor   
Yasuyoshi Mitsumori, Associate Professor 
Mark Sadgrove, Associate Professor  
Nobuyuki Matsumoto, Assistant Professor 




For the next generation wireless systems which include terrestrial & 
satellite communications, dependable connectivity and green wireless 
information technologies (IT) will be the key issues.  To solve the issues 
of wireless communication, we cover the whole technical field from 
lower to higher layers, i.e., signal processing, RF/mixed signal device, 
antenna, modem, and network technologies.
Our laboratory started in April 2010.  As of January 2016, there are 
19 members in our laboratory: Prof. Noriharu Suematsu, Associate Prof. 
Suguru Kameda, Assistant Prof. Mizuki Motoyoshi, Technical Assistant 
Ms. Yukie Tomizawa, two Ph. D. candidates, nine Master course 
students (include two Chinese students), two undergraduate-school 
students, one research student from China and one short-term exchange 
student from United States of America.  Moreover, some researchers 
from other companies join our laboratory.
Let us introduce three representative research topics from our laboratory.
1. RF front-end modules for mobile terminal of ultra-broadband 
wireless communication system with millimeter-wave technolo-
gies: To realize ultra-broadband wireless communication using the 
millimeter-wave band for the fifth generation cellular phone system (5G) 
and beyond, we research and develop the RF front-end modules for 
millimeter-wave band wireless communication terminals.
2. Satellite communication systems for disaster-resilient wireless net-
works: To provide a large-capacity two-way short message communica-
tion through the Quasi-Zenith Satellite System (QZSS), we research the 
high-density spread-spectrum code-division multiple access (SS-CDMA) 
technique with a transmission timing control method.  Moreover, to pre-
vent telecommunication crisis in future big disasters, we have developed 
a portable multi-mode very small aperture terminal (VSAT) system.
3. High-efficient network selection scheme using high-accuracy posi-
tioning information for heterogeneous wireless system: To accommo-
date mobile communication traffic projected to increase rapidly by 1,000 
times (210 times) in the next ten years, we research heterogeneous wire-
less networks combined with heterogeneous systems such as cellular 
phone system, wireless LAN, and so on.  For rapid connection to opti-
mum networks, a network selection scheme used with map information 
(such as channel quality and traffic maps) has been proposed.
Systems & Software Division
Atsushi Ohori, Professor 
Katsuhiro Ueno, Assistant Professor
Software Construction Laboratory
URL: http://www.riec.tohoku.ac.jp/en/introduction/organization/division/ohori/
We research on software development environments and program-
ming methodologies, especially in the fields of programming languages 
and database systems, for constructing highly-reliable advanced software 
systems.
Today's software systems are becoming more and more complicated 
due to the need to integrate of integrating various computation resources 
available on the Internet. A key to control the complexity and to enhance 
the reliability of such a system is to develop a high-level programming 
language that can directly represent various resources and automatically 
detect potential inconsistencies among the components in a system.  
Based on this general observation, our research aims at establishing both 
a firm theoretical basis and implementation techniques for flexible and 
reliable programming systems. Towards this goal, we are conducting 
research into various aspects of programming languages and database 
systems, including the following:
1. Theoretical foundations for programming languages.
One direction toward this goal is to establish logical foundations for 
compilation. We aim at establishing a proof-theoretical framework 
that accounts for the entire process of compilation - including pattern 
matching, closure conversion, and code generation - as a series of 
proof-transformations. Another research direction, which complements 
the above, is a type-directed compilation method that can produce 
efficient code for high-level programming languages.
2. Integration of various programming languages and data sources.
We investigate the theoretical basis and implementation techniques 
for inter-operation between multiple languages and databases.  Current 
interests include the formal semantics of scripting language as a basis of 
embedding a scripting language into a typed language. 
3. Development of SML#, a new ML-style polymorphic program-
ming language.
We are also developing a new practical ML(Meta Language)-style 
programming language, SML#, that embodies some of our recent results 
such as record polymorphism and a high-degree of interoperability with 
existing languages and databases.
  Since the foundation of the laboratory in 2008, we have been 
researching innovative functional optical semiconductor devices for 
realizing new generation optical communication network systems. The 
research is being performed by Hiroshi Yasaka, Professor and 
Nobuhide Yokota, Assistant Professor (since 2014) together with two 
doctor course and six master course students in the graduate school. 
Two bachelor course students in the undergraduate school are also 
studying in our laboratory. 
  To realize innovative functional optical semiconductor devices, 
we focus on the following three themes. 
1. High function semiconductor light sources: 
  High speed semiconductor lasers operating up to 100 Gb/s are 
being investigated. We made clear that the modulation bandwidth of 
semiconductor lasers can be enhanced drastically by modulating the 
modal gain of a distributed feedback (DFB) laser integrated with 
external cavity. By applying this principle, we are investigating an 
ultra-high speed semiconductor laser which can be operated directly 
by applied RF signal. 
  We are also trying to realize compact and narrow linewidth laser 
sources by introducing an optical negative feedback scheme we have 
developed. It needs only an optical filter and does not require an 
increase of the laser cavity’ s Q-value. From the proof-of-concept 
experiment, we confirmed that the scheme successfully reduces the 
semiconductor laser’ s phase noise and spectral linewidth.
2. High function semiconductor optical modulators: 
  We are investigating an InP Mach-Zehnder modulator. The 
refractive index of an InP material changes through the quantum con-
fined Stark effect (QCSE) in conjunction with Pockels effect. By 
applying the QCSE, we successfully generated an ultra-flat 9 channel 
optical frequency comb with intensity deviation of less than 1 dB.
3. New function semiconductor integrated circuits: 
  In our laboratory we are researching high function photonic inte-
grated circuits by integrating high performance and highly functional 
solitary semiconductor photonic devices we have developed.  
Current information and communication technology utilizes macro-
scopic and classical quantities, such as electric voltage and light intensity. 
This classical technology will reach the limit of information density and 
processing speed in the near future. The quantum-mechanical counter-
part, “quantum information and communication technology (QICT) ”, in 
which information is associated with microscopic quantum-mechanical 
quantities such as a single electron spin and a single photon polarization, 
is expected to outstrip classical information processing. Our goal is to 
develop such quantum information devices using light and matter, as 
well as to gain a deep understanding of their physics. Our on-going proj-
ects include:
1. Novel techniques for the generation and detection of single pho-
tons and photon entanglement, 
2. Techniques for extreme quantum measurements and uncertainty 
relations, 
3. Coherent optical control and quantum optics in semiconductor 
quantum dots and microcavities, 
4. Use of optical nanofibers and nanophotonic devices to produce 
novel single photon sources, 
5. Quantum optomechanics of macroscopic mechanical oscillators. 
In FY2015, we have 17 group members (staff: 6, students: 11) 
including five from overseas: Mark Sadgrove (Associate Professor) from 
New Zealand, Cao Bo (Ph.D student) from China, Pierre Vidil (M.C. 
student) from France, Seth Cataño Lopez (M.C. student) from Mexico, 
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The 23rd Symposium of the International Colour Vision Society (ICVS 2015) 3 - 7 Jul. 2015 Sakura Hall, Tohoku Univ.
RIEC International Symposium on Computer Graphics and Interactive Techniques 26 - 27 Sep. 2015 RIEC
The 13th RIEC International Workshop on Spintronics 18 - 20 Nov. 2015 RIEC Nano-Spin Build.
The 4th RIEC International Symposium on Brain Functions and Brain Computer 23 - 24 Feb. 2016 RIEC Nano-Spin Build.
2016 RIEC Annual Meeting on Cooperative Research Projects 25 Feb. 2016 RIEC
The 3rd International Symposium on Brainware LSI 26 - 27 Feb. 2016 RIEC
The 7th International Workshop on Nanostructures and Nanoelectronics 1 - 3 Mar. 2016 RIEC Nano-Spin Build.
The Joint Symposium of 10th International Symposium on Medical, Bio- and Nano- 
Electronics 1 - 3 Mar. 2016 RIEC Nano-Spin Build.
EVENT Calendar Date Venue
RIEC International Symposium on Ultra-realistic Acoustic Communications 20 - 22 May. 2016 RIEC
Dependable Wireless Workshop 2016 [TBD] Jul. 2016 Sakura Hall, Tohoku Univ.RIEC
RJUSE TeraTech-2016: The 5th Russia-Japan-USA-Europe Symposium on 
Fundamental & Applied Problems of Terahertz Devices & Technologies (RIEC 
International Symposium on Fundamental & Applied Problems of Terahertz Devices 
& Technologies)
31 Oct. - 4 Nov. 2016 Sakura Hall, Tohoku Univ.
The 14th RIEC International Workshop on Spintronics 18 - 19 Nov. 2016 RIEC Nano-Spin Build.
2017 RIEC Annual Meeting on Cooperative Research Projects [TBD] Feb. 2017 RIEC
The 5th RIEC International Symposium on Brain Functions and Brain Computer 22 - 23 Feb. 2017 RIEC Nano-Spin Build.
The 4th RIEC International Symposium on Brainware LSI 24 - 25 Feb. 2017 RIEC
The 8th RIEC International Workshop on Nanostructures and Nanoelectronics 8 - 10 Mar. 2017 RIEC Nano-Spin Build.
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